Introduction
The collection of magnetic data from fixed-wing aircra• has been employed as a geophysical exploration tool for over 50 years. The presence of' both short-and long-wavelength anomalies has been attributed primarily to induced magnetization in basement or deep crustal rocks. Although some interest in the contribution of' remanent magnetization to observed anomalies has been voiced in the past [Green, 1960; Books, 1962; Watkins, 1961] , remanent magnetization is now usually ignored [Shive et al., 1992] .
In a few cases, remanent magnetization is discussed for isolated short-wavelength anomalies [Rajagopalan et al., 1995; Kelso et al., 1993] but only rarely for long-wavelength observations [Kelso Although the ambiguities of potential field modeling are great, tight constraints on models can only be produced if detailed magnetic properties are known. The possibiliW that a strong negative remanence influences the resulting anomaly is often evident; strong positive remanence is often not so easily identified [McEnroe et al., 1996] . Understanding the basic rock magnetic properties of source rocks is particularly important with the new highresolution aeromagnetic techniques employed today [Clark, 1997 [Clark, , 1999 because they contribute important control on the reliability of magnetic models. With greater development of petrophyical databases, coupled with an increased understanding of the relationship between magnetic mineralogy and magnetic anomalies, we should be able to refine interpretation of longwavelength anomalies from satellite studies.
In this paper we deal with a pronounced negative aeromagnetic anomaly from the Grenville terrane of the Adirondack Mountains, New York. We will establish the compositions and magnetic characteristics of the oxide minerals causing the magnetic anomaly. The foundation of our petr01ogic and mineralogical research is the extensive work by Buddington [1939] (and later work) on these rocks as part of his larger research program in the Adirondack Mountains and his collaboration with J. R.
Balsley to investigate their magnetic properties. In a series of excellent and detailed mineralogical, petrological, and geophysical works they showed that titanohematite is the dominant oxide, and magnetite is apparently not part of the assemblage at this locality [Balsley and Buddington, 1954 Buddington, , 1957 Buddington, , 1958 . Therefore, in addition to analyzing for titanohematite we designed our rock magnetic experiments to search specifically for a fine-to ultra fine-grained magnetite.
Geological Setting
The The noahwest Adirondacks have been studied for some time, particularly as part of strategic mineral exploration [Buddington and Leonard, 1962] . The samples discussed in this paper are from microcline gneisses, commonly sillimanitic, locally garnetiferous, and commonly associated with metamorphosed sedimentary layers. They are located just southeast of the CCMZ in the Highland province. Recent mapping and synthesis in the area has included these rocks within the Baldface Hill Gneiss [Wiener et al., 1984] . This unit has been interpreted to represent sedimentary and felsic volcanic rocks found discontinuously on either side of the CCMZ that were metamorphosed to granulite facies. Five phases of deformation have been recognized in the northwest Adirondacks, including isoclinal nappes and upright to overturned NE directed folds and associated amphibolite to granulite facies metamorphism [Wiener et al., 1984] . Although some of these sillimanite-microcline gneisses are rich in magnetite __ ilmenite to the extent of being mined for iron ore [Leonard and Buddington, 1962] 
Russell Belt Magnetic Anomaly
Some of the first aeromagnetic data ever collected were from the Adirondack Mountains, as part of the U.S. Geological Survey's Strategic Minerals Program, here explicitly looking for magnetite deposits. A survey encompassing Russell and areas to the east [Balsley, 1954] covered over 6,100 square miles, and was flown at an altitude of 1000 ft with a 1/4-mile line spacing. Very striking positive anomalies, as to be expected from magnetite-rich rocks with high induced magnetization, were found, and many were later shown to be associated with ore bodies. In addition, several strong negative anomalies, unrelated to induced signals, were evident, including one over the Russell Belt (Figure 1 ). Balsley and Buddington [ 1954, 1957; 1958] recognized that these anomalies were unusual, and they combined oxide petrography, rock and mineral chemistry, and susceptibility and natural remanent magnetization (NRM) measurements in an attempt to interpret them. The Russell Belt negative aeromagnetic anomaly is -• 15 km long and 3 km wide, with an amplitude of over 2000 nT. Although there are numerous other anomalies in the region, there is no indication that this negative Although the collected data do not extend outside of the mapped regions of unit gms in this area, they still indicate a large variable negative magnetic anomaly with nearly 4000 nT of relief over a confined area. These results confirm that the anomalies are due to rocks at the surface with highly variable magnetization. (Figures 3a-3g) . Fine ilmenite exsolution lamellae parallel to {0001} are common and some contain very-fine rutile lamellae. Second gener,ation ilmenite lamellae, also parallel to {0001), are common. Subsequent generations of hematite and ilmenite lamellae are at or below the limits of optical resolution, and some hematite lamellae may be below the single-domain to superparamagnetic transition. Thirty-six cores were drilled with a gasoline-powered drill and oriented using a brass orienting sleeve with magnetic and solar compasses or were drilled from oriented blocks in the laboratory.
Magnetic Mineralogy

Laboratory Procedures
A significant part of the natural remanent magnetization (NRM) may be carried by SD or pseudosingle-domain (PSD) size grains. Due to the small domain size for magnetite, it is important to combine optical and compositional data with rock magnetic properties to help constrain the magnetic mineralogy.
The NRM measurements were made on a 2G SQUID magnetometer at the University of Massachusetts, Amherst. After NRM measurements, progressive alternating and thermal demagnetization procedures were used to isolate the characteristic or primary components. Alternating field (AF) demagnetization was performed up to 100 mT on selected samples and thermal demagnetization up to 680øC on most samples using a Molspin AF demagnetizer and an ASC thermal demagnetizer, respectively. Magnetic susceptibility values were measured on a Sapphire Instruments susceptibility bridge. Hysteresis measurements, both at room temperature and with elevated temperature, in a field of up to 2T (micromagnetometer or vibrating sample magnetometer, Princeton Applied Research), and lowtemperature remanence measurements on a Quantum Design (MPMS2) Squid magnetometer were made at the Institute for Rock Magnetism, University of Minnesota.
Rock Magnetic Properties
There is a large range in NRM intensities (Table 2 In general, the acquisition behavior of these samples indicates a mixture of a high-coercivity material, such as a SD hematite, combined with a lower-coercivity material, such as MD hematite. Clearly, more experimental work needs to be done to fully understand the partially saturated state of these samples.
Hysteresis Properties
To understand further the magnetic phases, room temperature hysteresis loops were measured on representative samples. In addition, hysteresis properties were measured on a selected group of samples with temperature, starting at room temperature up to 700øC in Elevated temperature hysteresis loops were measured on a subset of selected samples to increase our understanding of how these magnetic properties may vary with temperature and with depth in the Earth (Figure 10) . the Ti-poorer titanohematite-hematite would continue to contribute a higher coercivity component with increasing temperature until 675øC. The gradient in the amount of remanence measured between 600øC and 675øC may well reflect compositional variation of the host titanohematite and exsolution lamellae, with higher temperatures reflecting the purer hematite.
In contrast, samples with a hummingbird shape at room temperature retain this shape until-•675øC. The overall behavior of these samples with increasing temperature is that the hysteresis loop retains the same shape but decreases in magnitude. We interpret this behavior as reflecting that (1) in the high-coercivity titanohematite-hematite, there is a range of grain sizes from SD to MD, with SD size dominating the loop, and (2) the change in size of the hysteresis loop with increasing temperature reflects the compositional variation in the titanohematite grains or lamellae. The titanium-richer hematite would lose its magnetization at lower temperatures. In both types of samples, Mrs/Mr ratios increase with increasing temperature. This is expected because the smaller SD hematite lamellae would be nearer to an end-member hematite composition.
Curie Temperatures
Thermomagnetic curves were obtained by running -150 mg samples on a horizontal Curie balance with a magnetic induction of 0.8 T. Saturation magnetization (Js) was measured as a function of temperature (7) from 30øC to 700øC.
The samples produced concave downward Js-T curves, with two of them reversible.
Multiple Curie temperatures were determined from each of the Js versus T curves. Sample RS6-1, a magnetitebearing sample, had a loss in magnetization between 550 ø C and 580øC followed by smaller decays at 630øC and 670øC. Sample RS1-7 had no observable magnetite and showed distinct losses in magnetization at 600øC and 630øC, followed by a very small decay at 670øC. Samples with Curie temperatures below 580øC can be attributed to near end-member magnetite and/or a Tiricher titanohematite. Curie temperatures above 580øC, Balsley and Buddington [1954] concluded that titanohematite was the major oxide and magnetic carrier. They surmised that the negative NRM directions might be due to self-reversals and considered Ndel's [1951] theory that the reversed magnetization was due to a compact mixture of two materials with distinct Curie points "with the lower Curie point (material) ... 
Implications for Modeling Anomalies
